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SOI COMPONENT 

Background of the Invention : 
Field of the Invention : 
The present invention relates to a semiconductor component 
that includes a semiconductor substrate, an insulation layer 
located on the semiconductor substrate, a semiconductor layer 
configured on the insulation layer, a first doped terminal 
zone and a second doped terminal zone that are formed in the 
insulation layer, and a drift zone that is formed in the 
insulation layer and between the first doped terminal zone and 
the second doped terminal zone. 

Components of this type, in which the active regions of the 
component are formed on an insulation layer on a semiconductor 
substrate, are referred to as an SOI (Silicon On Insulator) 
component if the semiconductor material used is silicon. 

SOI technology has advantages particularly when a logic 
circuit with a multiplicity of complementary metal oxide 
semiconductor transistors (CMOS transistors) will be realized. 
In conventional technologies, the CMOS transistors or the 
semiconductor regions in which they are realized are insulated 
from one another by doped zones made of semiconductor 
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material. The sequence of differently doped semiconductor 
regions between the individual components gives rise to 
parasitic components that adversely affect the mode of 
operation of the entire circuit. Moreover, under certain 
5 circumstances, large parasitic capacitances are present, which 
adversely influence the switching speed of such a circuit. 

In SOI technology, CMOS transistors and other semiconductor 
components can be realized beside one another in a 
HLO semiconductor layer on the insulation layer. The semiconductor 
P layer between the individual components is then simply removed 



sat 

SI 



down to the insulation layer in order to insulate the 
components from one another. In this case, electrical 
connections between the components are realized in a separate 



Ml 5 wiring plane above the semiconductor layer. 

ru 

In addition to drive logic, it is also desirable to use CMOS 
technology to realize power components in the semiconductor 
layer on the insulation layer, for example, power MOSFETs or 
20 bipolar transistors that have a considerably higher dielectric 
strength than the logic transistors. Customary supply voltages 
for logic transistors lie between 1.5 V and 5 V, while the 
voltages that occur in power components are usually between 10 
V and 10 0 V or more. 

25 
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The dielectric strength of a transistor formed on an 
insulation layer on a substrate is determined by the thickness 
of the insulation layer. The substrate below the insulation 
layer is normally at the lowest potential present in a 
5 circuit, usually ground, so that the insulation layer has to 
take up the voltage difference between the largest potential 
in the circuit arrangement above the insulation layer and the 
lowest potential. 

MfcO in order to realize power components on an insulation layer on 
H a substrate, it is known to use an insulation layer having a 
m thickness of up to 1 \xm r in order to increase the dielectric 
SI strength, while the thickness of the insulation layer is 

O usually between 50 nm and 200 nm in the case of SOI circuits 

m 

^T5 for drive logic. 

y, 

W 

!U 

This entails a number of disadvantages: the thickness of the 
insulation layer influences the properties of the components 
that are realized. In order to obtain components having the 

20 same properties, it is necessary to determine dedicated design 
parameters for each insulation layer having a different 
thickness. These parameters are required when fabricating 
components. Moreover, the mechanical stress in the structure 
including the semiconductor substrate, the insulation layer, 

2 5 and the overlying semiconductor layer increases as the 

thickness of the insulation layer increases. Finally, the 
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thermal resistance increases between the semiconductor layer, 
in which the components are realized, and the semiconductor 
substrate. As a result, the heat produced in the components is 
dissipated to a lesser extent via the substrate, which can be 
5 applied to a heat sink, as the thickness of the insulation 
layer increases. However, the ability to take up power loss 
and emit it to the surroundings in the form of a heat plays an 
important part in power components. Thus, for example, in 
driving motor bridges using power transistors, the power 
i transistors must be designed to take up the power loss and 

ft*-!! 

O dissipate it as heat. 

3*s*s 

w 

zfi Summary of the Invention : 

It is accordingly an object of the invention to provide an SOI 
f[p semiconductor component which overcomes the above-mentioned 

disadvantages of the prior art apparatus and methods of this 
Rj general type. 



In particular, it is an object of the invention to provide a 
2 0 semiconductor component having a semiconductor substrate, an 
insulation layer on the semiconductor substrate, and a 
semiconductor layer on the insulation layer, which has a high 
dielectric strength and a low thermal resistance between the 
substrate and the semiconductor layer. 
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With the foregoing and other objects in view there is 
provided, in accordance with the invention, a semiconductor 
component that includes: a semiconductor substrate; an 
insulation layer located on the semiconductor substrate; a 
5 semiconductor layer configured on the insulation layer; a 
first doped terminal zone and a second doped terminal zone 
formed in the insulation layer; and a drift zone formed in the 
insulation layer. The drift zone is formed between the first 
doped terminal zone and the second doped terminal zone . At 
jLO least one of the first doped terminal zone and the second 
p doped terminal zone directly adjoins the semiconductor 
yj substrate. 

^ In accordance with an added feature of the invention, the 

Jlp first terminal zone and the second terminal zone reach through 

Mb 

I** the insulation layer into the substrate. 

In accordance with an additional feature of the invention, the 
first terminal zone and the second terminal zone are doped 
2 0 complementary with respect to the semiconductor substrate. 



In accordance with another feature of the invention, the 
second terminal zone is of a complementary conduction type 
with respect to the first terminal zone. 
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In accordance with a further feature of the invention, a 
depletion zone is configured between the second terminal zone 
and the drift zone; the depletion zone has a conduction type; 
and the first terminal zone and the second terminal zone 
5 having a conduction type that is complementary to the 
conduction type of the depletion zone. 

In accordance with a further added feature of the invention, 
the first terminal zone has a conduction type; and the drift 
10 zone has a conduction type that is equivalent to the 

p conduction type of the first terminal zone. 

SI 

«p In accordance with a further additional feature of the 

SI 

* m invention, the drift zone includes a plurality of 

jre complementary doped adjacent sections. 
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In accordance with yet an added feature of the invention, the 
plurality of the complementary doped adjacent sections 
includes first sections and second sections; the first 
2 0 sections and the first terminal zone are of a first conduction 
type; the first sections are connected to the first terminal 
zone; the second sections and the depletion zone are of a 
second conduction type complementary to the first conduction 
type; and the second sections are connected to the depletion 
25 zone. 
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In accordance with yet an additional feature of the invention, 
the plurality of the complementary doped adjacent sections 
includes first sections and second sections; the first 
sections and the first terminal zone are of a first conduction 
type; the first sections are connected to the first terminal 
zone; the second sections and the second terminal zone are of 
a second conduction type complementary to the first conduction 
type; and the second sections are connected to the second 
terminal zone. 

In accordance with an added feature of the invention, the 
plurality of the complementary doped adjacent sections run in 
a longitudinal direction between the first terminal zone and 
the second terminal zone . 

In accordance with an additional feature of the invention, a 
depletion zone is configured between the second terminal zone 
and the drift zone; and the plurality of the complementary 
doped adjacent sections run between the first terminal zone 
and the depletion zone. 

In accordance with another feature of the invention, the 
semiconductor substrate is p-doped, and either the first doped 
terminal zone or the second doped terminal zone directly 
adjoins the semiconductor substrate and is n-doped. 
Additionally, however, both the first doped terminal zone and 
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the second doped terminal zone can directly adjoin the 
semiconductor substrate and can be n-doped. 

The semiconductor component is a diode if the first and second 
5 terminal zones are doped complementary with respect to one 
another. One of the terminal zones forms the anode and the 
other of the terminal zones forms the cathode. The 
semiconductor component is a transistor if the terminal zones 
are of the same conduction type, in which case, in accordance 
jLP with one embodiment of the invention, a depletion zone which 
q is doped complementary with respect to the terminal zones is 
Id then arranged between the second terminal zone and the drift 

= 

fp zone . 

When a voltage is applied between the first and the second 

!U terminal zones, this voltage is taken up in the semiconductor 

r» I 

layer essentially by the drift zone, which is usually doped 
more weakly than the first and second terminal zones, or the 
voltage is taken up in the depletion zone. The semiconductor 

20 substrate is usually at the lowest potential in the circuit 
and the conduction types of the terminal zone, directly 
adjoining the semiconductor substrate, and of the 
semiconductor substrate are chosen such that the semiconductor 
junction between the terminal zone and the semiconductor 

2 5 substrate is always reverse-biased. Proceeding from the 

terminal zone, directly adjoining the semiconductor substrate, 
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a space charge zone forms in the semiconductor substrate when 
a voltage is applied between the first and second terminal 
zones, or when a positive potential is applied to the first 
terminal zone. The space charge zone also runs below the drift 
5 zone. Through the space charge zone, the potential in the 
semiconductor substrate below the drift zone and the 
insulation layer is higher than the lowest potential of the 
circuit, to which the semiconductor substrate is connected. 



10 In the semiconductor component, by virtue of the space charge 

£*» zone, the voltage present at the insulation zone between the 

hi drift zone and the semiconductor substrate is lower than the 

J£ voltage difference between the potential at the first terminal 

s zone and the lowest potential of the substrate. Thus, in the 

3W5 semiconductor component, the thickness of the insulation zone 

!*& 

does not have to be designed for the maximum voltage that 

s ka 

occurs, but rather can be dimensioned to be thinner in 
accordance with the smaller potential difference between the 
drift zone and the space charge zone in the semiconductor 
2 0 substrate. As a result, a lower thermal resistance is achieved 
in the case of the customary electrical insulation layers, 
such as silicon nitride or silicon oxide, which have poor heat 
conducting properties. 



25 



The drift zone advantageously has, in the manner of a 
compensation component, adjacent respectively complementary 
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doped sections that preferably each extend in the longitudinal 

direction between the first terminal zone and the depletion 

zone in the case of a transistor or between the first terminal 

zone and the second terminal zone in the case of a diode. The 

5 individual complementary doped sections are coordinated with 

one another such that the number of p-type charge carriers 

corresponds to the number of n-type charge carriers in the 

drift zone. When a reverse voltage is applied, the 

complementary doped sections are mutually depleted, resulting 

10 in a high breakdown voltage. The mutually depleting sections 

55 may be comparatively highly doped, and thus contribute to a 

yj low resistance when a forward voltage is applied. 

S 
M 

s Other features which are considered as characteristic for the 
rS invention are set forth in the appended claims. 

h% 

ru 

Although the invention is illustrated and described herein as 
embodied in a soi component, it is nevertheless not intended 
to be limited to the details shown, since various 
20 modifications and structural changes may be made therein 

without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
25 however, together with additional objects and advantages 

thereof will be best understood from the following description 
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of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings : 
5 Fig. 1 is a cross sectional view of a first exemplary 

embodiment of a semiconductor component that is designed as a 
diode ; 



Fig. 2 is a cross sectional view of a second exemplary 

J.p embodiment of a semiconductor component that is designed as an 

xr.zz. 

E_ H 

f% MOS transistor; 

XI 

=JC Fig. 3 shows an exemplary embodiment of a semiconductor 

* component that is designed as a MOS transistor having 

J% complementary doped sections in the drift zone; and 



20 



Fig. 4 is a cross sectional view of an exemplary embodiment of 
a semiconductor component that is designed as a bipolar 
transistor; 

Description of the Preferred Embodiments : 

In all of the figures, unless otherwise specified, identical 
reference symbols designate identical parts and sections with 
the same meaning. 



25 
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Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1 thereof, there is shown a cross 
sectional view of a semiconductor component that is designed 
as a diode. The component has a semiconductor substrate 10 
with an insulation layer 2 0 formed on the semiconductor 
substrate 10. The semiconductor substrate 10 is preferably 
composed of silicon, and the insulation layer 20 of silicon 
oxide or silicon nitride. A semiconductor layer 12 is arranged 
on the insulation layer 20. A first terminal zone 30 and a 
second terminal zone 4 0 are formed in the semiconductor layer 
12. A drift zone 32 is formed in the semiconductor layer 12 
and between the first and second terminal zones 30, 40. The 
first terminal zone 3 0 directly adjoins the semiconductor 
substrate 10, and in the exemplary embodiment, extends through 
the insulation layer 2 0 right into the semiconductor substrate 
10. 



The semiconductor substrate 10 and the first terminal zone 30, 
which directly adjoins the semiconductor substrate 10, are 
doped complementary. In the exemplary embodiment, the 
substrate 10 is p-doped and the first terminal zone 30 is n- 
doped. The doping type of the semiconductor substrate 10 and 
the doping type of the adjoining first terminal zone 3 0 are 
chosen, taking account of the potentials that are expected at 
the substrate 10 and the first terminal zone 30, such that the 
semiconductor junction between the first terminal zone 3 0 and 
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the substrate 10 is always reverse-biased or free of voltage. 
If the substrate 10 is, as usual, at the lowest potential 
occurring in the circuit, for example ground GND, then the 
potential at the first terminal zone 30 can correspond to that 
of the substrate 10 and the semiconductor junction is then 
free of voltage, or the potential at the first terminal zone 
3 0 can be greater than the potential of the substrate 10 and 
the semiconductor junction is then reverse-biased. 

If the substrate 10 is always at the highest potential in the 
circuit, then, in contrast to the illustration in the 
exemplary embodiment, the first terminal zone 3 0 is p-doped 
and the substrate 10 is n-doped. 

The first n-doped terminal zone 3 0 forms the cathode K of the 
component which is designed as a diode and illustrated in Fig. 
1, and the p-doped second terminal zone 40 forms the anode. 

When a reverse voltage is applied between the first terminal 
zone 3 0 and the second terminal zone 40, for which purpose the 
second terminal zone 40 is put at the potential of the 
substrate 10, for example, and the first terminal zone 30 is 
put at a positive potential, approximately the entire voltage 
is dropped across the drift zone 32, which is doped more 
lightly than the first and second terminal zones 30, 40. 
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In the semiconductor substrate 10, a space charge zone RLZ is 
formed proceeding from the first terminal zone 30. The 
boundary of the space charge zone is shown using a dashed line 
in Fig. 1. The potential in the space charge zone RLZ 
continuously decreases proceeding from the first terminal zone 
3 0 toward the boundaries of the space charge zone RLZ. In this 
case, the space charge zone RLZ extends over the length of the 
drift zone 32 below the insulation layer 20. In a similar way 
in which the potential in the drift zone 32 decreases 
proceeding from the first terminal zone 3 0 up to the second 
terminal zone 40 and reaches a minimum value there, the 
potential of the space charge zone RLZ in the substrate 10 
below the insulation layer 2 0 also decreases proceeding from 
the first terminal zone 30. Because of the space charge zone 
RLZ that forms below the drift zone 32 in the substrate 10, 
the maximum voltage present at the insulation layer 2 0 between 
the drift zone 32 and the substrate 10 is lower than the 
maximum voltage that occurs. The maximum voltage that occurs 
corresponds to the difference between the potential at the 
first terminal zone 3 0 and the lowest potential GND to which 
the substrate 10 is connected. 



The voltage present at the insulation layer 20 is zero if the 
potential profile in the drift zone 32 corresponds to the 
potential profile in the space charge zone RLZ below the 
insulation layer 20. In the semiconductor component, by virtue 
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of the space charge zone RLZ which can form through the first 
terminal zone 3 0 bearing directly on the substrate 10, the 
insulation layer 2 0 is thus exposed to a lower voltage loading 
than would be the case in comparable components in which the 
first terminal zone does not adjoin the substrate. As a 
result, in the case of the inventive component, it is possible 
to use a thinner insulation layer 2 0 than in comparable 
components with the same dielectric strength, which in turn 
leads to a lower thermal resistance between the semiconductor 
layer 12 above the insulation layer 20 and the substrate 10. 
This results in better heat dissipation from the semiconductor 
layer 12 into the substrate 10 and to a heat sink connected, 
if appropriate, to the substrate 10. 

Fig. 2 shows an exemplary embodiment of an inventive 
semiconductor component that is designed as an n- channel MOS 
transistor. The component has a semiconductor substrate 10 
with an insulation layer 2 0 that is applied on the substrate 
10, and a semiconductor layer 12 that is applied on the 
insulation layer. An n-doped first terminal zone 30, an n- 
doped second terminal zone 42, and a drift zone 32 located 
between the first and second terminal zones 30, 42 are formed 
in the semiconductor layer 12. The first terminal zone 30 is 
doped complementary with respect to the substrate 10 and 
reaches through the insulation layer 2 0 right into the 
semiconductor substrate 10. 
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The drift zone 32 directly adjoins the first terminal zone 30. 
A p-doped depletion zone 50 is formed between the second 
terminal zone 42 and the drift zone 32. In the exemplary 
5 embodiment shown in Fig. 2, the first terminal zone 30 forms 
the drain zone, the second terminal zone 42 forms the source 
zone, and the depletion zone 50 forms the body zone (the body 
region) of the MOS transistor. A gate electrode 60 is applied 
above the depletion zone 50 and is insulated from the 
semiconductor layer 12 by an insulation layer 62. 

f ::; t 

UJ When a potential that is positive relative to the reference- 
4* ground potential GND of the substrate 10 is applied to the 

drain zone 3 0 and when a lower potential, preferably the 
iL$ reference-ground potential GND, is applied to the source zone 
n 42, a voltage drop occurs in the drift zone 32 between the 

ru 

drain zone 3 0 and the depletion zone 5 0 and a space charge 
zone RLZ is formed in the semiconductor substrate 10 
proceeding from the drain zone 30, in which case the space 

2 0 charge zone RLZ can extend in the substrate 10 as far as below 
the depletion zone 50. The maximum voltage drop between the 
drain zone 3 0 and the source zone 42 is achieved when the 
transistor is in the off state, that is to say when there is 
no suitable drive voltage present between the gate 6 0 and the 

25 source 42. The insulation layer 20 must be dimensioned for 
this case. 
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By virtue of the formation of the space charge zone RLZ, the 
maximum voltage present at the insulation layer 2 0 is smaller 
than the difference between the potential at the drain zone 3 0 
and the reference -ground potential GND. The MOS transistor 
according to the invention can thus be operated with voltages 
which are higher than those for which the insulation layer 2 0 
is designed. The MOS transistor according to the invention can 
therefore be realized together with MOS transistors for drive 
logic circuitry on the same insulation layer, in which case 
the insulation layer need only be designed for the lower 
voltages occurring in the drive logic circuitry. 

The MOS transistor can be realized, for example, with a 
dielectric strength of up to 40 V on an insulation layer that 
has a thickness - designed for realizing drive logic 
circuitry- of between 50 nm and 200 ntn and is thus 
considerably thinner than the insulation layer normally 
designed for a dielectric strength of 4 0 V. 

As shown in Fig. 2, the semiconductor layer 12 beside the 
transistor is preferably removed down to the insulation layer 
to insulate the transistor from other components (not 
illustrated) that are on the insulation layer 20. The 
connection between the transistor and the other components is 
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effected in a wiring plane (not specifically illustrated) 
above the semiconductor layer 12 . 

Fig. 3 shows an exemplary embodiment of a semiconductor 
component that is designed as a MOS transistor and that 
differs from that illustrated in Fig. 2 by virtue of the fact 
that the n-doped source zone 42 also extends through the 
insulation layer 2 0 right into the p-doped semiconductor 
substrate 10. This MOS transistor is suitable, in particular, 
as a so-called high-side switch, in which both the source 
terminal and the drain terminal can be at a high potential. If 
a potential which is positive relative to the reference -ground 
potential GND is present at the source zone 42, and if the 
drain zone 3 0 is at reference-ground potential, then the space 
charge zone propagates in the semiconductor substrate 10 
proceeding from the source zone 42, 

In the case where a potential that is positive relative to the 
reference -ground potential GND is present both at the drain 
zone 3 0 and at the source zone 42, a space charge zone 
propagates proceeding from the drain zone 3 0 and the source 
zone 42. 

The transistor according to Fig. 3 furthermore differs from 
that illustrated in Fig. 2 by virtue of the fact that the 
transistor is formed symmetrically with regard to the source 
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zone 42. Thus, in the example, the source zone 42 is adjoined 
on the left by a further depletion zone 52 with an overlying 
gate electrode 64, a drift zone 34 and a further drain zone 
(not illustrated) . The two gate electrodes 60, 64 are 
connected to one another, and the two drain zones are 
connected to one another. 

The drift zone 32 may be of the same conduction type as the 
first terminal zone 30, i.e. the cathode in Fig. 1 and the 
drain zone D in Fig. 2, although the drift zone is doped more 
weakly than the first terminal zone 30. One embodiment of the 
invention provides for the drift zone to have respectively 
complementary doped sections 32A-32F, as is illustrated in the 
case of the perspectively illustrated MOS transistor in Fig. 
3. In the exemplary embodiment shown in Fig. 3, n-doped 
sections 32A, 32C, 32E and p-doped sections 32B, 32D, 32F 
alternate. The sections 32A-32F extend in the longitudinal 
direction between the depletion zone 50 and the drain zone 30. 
The n-doped sections 32A, 32C, 32E are connected to the n- 
doped drain zone 3 0 and the p-doped sections are connected to 
the p-doped depletion zone 50. 

The arrangement of complementary doped sections in the drift 
zone 32 is known from so-called compensation components. In 
this case, the n-doped sections 32A, 32C, 32E can be doped 
more highly than in the case of conventional components in 
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which no complementary (p-doped) sections are present. The 
higher doping of the n-type sections 32A, 32C, 32E leads to a 
drift zone with a lower resistance when the component is in 
the on state, i.e. when a forward voltage is applied. When a 
5 reverse voltage is applied, the n-doped sections 32A, 32C, 32E 
and the p-doped sections 32B, 32D, 32F are mutually depleted, 
resulting in a high breakdown voltage. 

Fig. 4 shows a semiconductor component that is designed as a 
lp bipolar transistor, with a p-doped semiconductor substrate 10, 

q an insulation layer 2 0 applied on the substrate 10, and a 

SJ 

yj semiconductor layer 12 located on the insulation layer 20. An 

<fc n-doped first terminal zone 30, an n-doped second terminal 

SI 

%^ zone 42, a drift zone 32, and a p-doped depletion zone 50 

l|p located between the drift zone 32 and the second terminal zone 

Mi 

' n 42 are formed in the semiconductor layer 12. The first 

ru 

terminal zone 3 0 forms the collector K of the transistor and 
extends through the insulation layer 2 0 right into the 
semiconductor substrate 10. The second terminal zone 42 forms 
20 the emitter E, and depending on the purpose for which the 

- transistor is used, can extend like the collector K down into 
the substrate 10. The depletion zone 50 forms the base of the 
transistor. 
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